From our previously obtained shear viscosity to entropy density ratio (η/s) in the framework of clustering of color sources (Color String Percolation Model: CSPM), we calculate the jet quenching parameterq and trace anomaly ∆ = (ε − 3p)/T 4 as a function of temperature. It is shown that the scaledq/T 3 is in agreement with the recent JET Collaboration estimates. The inverse of η/s is found to represent ∆. The results for ∆ are in excellent agreement with Lattice Quantum Chromo Dynamics (LQCD) simulations. From the trace anomaly and energy density ǫ, the equation of state is obtained as a function of temperature and compared with LQCD simulations. It is possible that there is a direct connection between the η/s and ∆. Thus the estimate of transport coefficient η/s providesq and ∆ as a function of temperature. Both ∆ and η/s describe the transition from a strongly coupled QGP to a weakly coupled QGP.
I. INTRODUCTION
The main aim of the heavy ion collision experiments at RHIC and LHC have been to understand the QCD phase transition and properties of the created dense quark matter. Measurements at RHIC and LHC have shown that the matter produced is a strongly coupled QGP and behaves like an almost perfect liquid [1] [2] [3] [4] [5] .
Another observation made in central collisions of heavy ions is the suppression of single inclusive hadron spectra at large transverse momentum [6] . This phenomena of jet quenching indicates that the produced matter is opaque. Therefore, jet quenching can tell us the properties of the created hot dense matter by the energetic partons passing through the medium and is defined by the jet quenching parameterq, which is related to another transport coefficient, the shear viscosity to entropy density ratio η/s [7, 8] . Both η/s and ∆ have been obtained in quasiparticle models [9] [10] [11] [12] and the Nambu-Jona-Lasinio model(NJL) as well.
The phase transition andq have been studied in the framework of dynamical holographic QCD model [13] . It is found that bothq/T 3 and ∆ peak around the critical temperature. This indicates thatq can characterize the phase transition [13] .
In this Letter, we have used our previous work on η/s to evaluateq [14] . We show that the inverse of η/s is a good representation of the trace anomaly ∆ = (ε − 3p)/T 4 .
II. SHEAR VISCOSITY TO ENTROPY DENSITY RATIO η/s
In our earlier work the shear viscosity to entropy density ratio η/s was obtained in the framework of kinetic theory and the string percolation [14] . In the Color String Percolation Model (CSPM) the relevant parameter is the transverse string density ξ = N s S 1 /S n where N s is the number of strings, S 1 the transverse area of a single string, S 1 = πr 2 0 and S n the overlap area of the collision, which depends on the impact parameter [15, 16] . The following expression was obtained for η/s [14] .
where T is the temperature and L is the longitudinal extension of the source ∼ 1 fm [17] . The temperature is expressed as [17, 18] 
p 2 t 1 is the average transverse momentum squared of particles produced from a single string. F (ξ) is the color suppression factor and is related to the percolation density parameter ξ [18] .
The connection between ξ and the temperature T (ξ) involves the Schwinger mechanism (SM) for particle production. The Schwinger distribution for massless particles is expressed in terms of p 2 t [19, 20] dn/dp
where the average value of the string tension is x 2 . The tension of the macroscopic cluster fluctuates around its mean value because the chromo-electric field is not constant. The origin of the string fluctuation is related to the stochastic picture of the QCD vacuum. Since the average value of the color field strength must vanish, it can not be constant but changes randomly from point to point [21] . Such fluctuations lead to a Gaussian distribution of the string tension, which transforms SM into the thermal distribution [21] dn/dp
. The string percolation density parameter ξ which characterizes the percolation clusters also determines the temperature of the system. In this way at ξ c = 1.2 the connectivity percolation transition at T (ξ c ) models the thermal deconfinement transition. We adopt the point of view that the experimentally determined universal chemical freeze-out temperature (T f ) is a good measure of the phase transition temperature, T c [22] . p 2 t 1 is calculated at ξ c = 1.2 using the T f = 167.7 ± 2.6 MeV [23] . This gives p 2 t 1 = 207.2 ± 3.3 MeV which is close to ≃ 200 MeV used in a previous calculation of the percolation transition temperature [17] .
Figure 1 shows η/s as a function of the temperature [14] . The lower bound shown in Fig. 1 is given by the AdS/CFT conjecture [24] . The results from Au+Au at 200 GeV and Pb+Pb at 2.76 TeV collisions show that the η/s value is 2.5 and 3.3 times the KSS bound [24] . The CSPM values of η/s as obtained using Eq. (1) can be lowered by 15 % due to the slightly lower value of L at higher densities.
In CSPM η/s is not needed to reproduce the elliptic flow and higher harmonics. The cluster formed by the strings has generally an asymmetric form in the transverse plane and acquires dimensions comparable to the nuclear overlap. This azimuthal asymmetry is at the origin of the elliptic flow in CSPM. The partons emitted at some point inside the cluster have to pass through the strong color field before appearing on the surface. The results of the simulation for different harmonics are in reasonable agreement with the experimental data on the p t and centrality dependencies [25, 26] .
It has been observed that η/s has minimum in the phase transition region in systems like helium, nitrogen, water, and many other substances [27, 28] . Thus it shows the location of the transition from hadrons to quarks and gluons or crossover in QCD.
Our results show that the fall and rise of η/s as a function of temperature is necessary to keep v 2 (p t ) almost constant in going from RHIC to LHC energies as observed in ref. [29] . [14] . Au+Au at 200 GeV for 0-10% centrality is shown as solid blue square [14] . The estimated value for Pb+Pb at 2.76 TeV for 0-5% centrality is shown as a solid blue square. The meson gas value for η/s ∼ 0.7 is shown as solid black circle at T ∼ 150 MeV [30] . The lower bound shown is given by the AdS/CFT [24] .
III.
η/s TO SCALED JET QUENCHING PARAMETERq/T
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The small shear viscosity of the QGP implies strong jet quenching. It has been suggested that thê q can also be used to measure the coupling strength of the medium. The shear viscosity η of a weakly coupled plasma can be related to the transport parameter for a thermal partonq [7, 8] .
The relation associates a small ratio of η/s to a large value ofq. A large amount of theoretical work has been done to extract the jet transport parameter from jet quenching at RHIC and LHC energies [6] [7] [8] 31] . The latest study by the JET Collaboration has extracted or calculatedq from five different approaches to the parton energy loss in a dense medium. The evolution of bulk medium in the study was given by 2+1D or 3+1D hydrodynamic models with the initial temperatures of T 
at the highest temperatures reached in the most central Au+Au collisions at RHIC and Pb+Pb collisions at LHC. The corresponding absolute values for q(GeV 2 /f m) for a 10 GeV quark jet are, 
IV. η/s AND TRACE ANOMALY ∆
The trace anomaly (∆) is the expectation value of the trace of the energy-momentum tensor, Θ µ µ = (ε − 3p), which measures the deviation from conformal behavior and thus identifies the interaction still present in the medium [32] . We consider the ansatz that inverse of η/s is equal to trace anomaly ∆. η/s is in quantitative agreement with (ε − 3p)/T 4 over a wide range of temperatures [33, 34] This result is shown in Fig. 3 . The minimum in η/s ∼ 0.20 determines the peak of the interaction measure ∼ 5 in agreement with the recent HotQCD values [35] . This happens at the critical temperature of T c ∼ 175 MeV. Figure 3 also shows the results from Wuppertal Collaboration [36] . As mentioned earlier in Sec.II that η/s can be lower by ∼ 15% at high densities. This has the effect of increasing ∆. The peak value of ∆ = 4.88 increases to 5.61.
The maximum in ∆ corresponds to the minimum in η/s. Both ∆ and η/s describe the transition from a strongly coupled QGP to a weakly coupled QGP.
We are not aware of any theoretical work which directly relates the trace anomaly with the shear viscosity to entropy density ratio. However, the bulk viscosity ζ is related to both ∆ and η [37] . A detailed study based on low energy theorms and the lattice result for ∆ shows that ζ/s rises very fast close to the critical temperature in such a way that its value at temperatures higher than T > 1.1T c is quite negligible [38] .
It was observed that ζ scales as α 4 s η where α s is the coupling constant. The trace anomaly ∆ is proportional to α 2 s [37] . There are many other works in which ∆ and η/s have been obtained separately [10, 39, 40, 42] .
V. EQUATION OF STATE EOS : THE SOUND VELOCITY C 2 s
An analytic expression for the equation of state, the sound velocity C 2 s is obtained in CSPM. After the initial temperature T > T c the CSPM perfect fluid may expand according to Bjorken boost invariant 1D hydrodynamics [43] . The input parameters the initial temperature T, the initial energy density ε, and the trace anomaly ∆ are determined by data. The Bjorken 1D expansion gives the sound velocity
where ε is the energy density, s the entropy density, τ the proper time, and C s the sound velocity. Since s = ε + p/T and p = (ε − ∆T 4 )/3 one gets
From above equations C 
Since there is no direct way to obtain pressure in the CSPM, we have made the assumption that ∆ = (ε − 3P ) ≈ 1/(η/s) . Fig. 4 shows a plot of C 2 s as a function of T /T c . It is observed that the CSPM results are in very good agreement with the lattice calculations [44] . This suggests that the ∆ can be approximated to 1/(η/s).
VI. DISCUSSION
We have shown that the inverse of the shear viscosity to entropy density ratio is able to give good description of the trace anomaly. The jet quenching transport coefficientq is also obtained using the relation with η/s. It is observed that scaled jet quenching parameter shows a pronounced maximum close to the critical temperature as seen in the trace anomaly. This indicates that jet quenching parameter can characterize the phase transition [13, 45] . It has been also shown, with in a phenomenological quasi-particle approach, that trace anomaly has a pronounced peak near the critical temperature [46, 47] . The clustering of color sources has shown that the determination of η/s as a function of temperature is an important quantity that relates to another transport coefficient,q and the trace anomaly ∆. The main assumption of the present approach is that the inverse of η/s represents the trace anomaly, ∆ = (ε − 3p)/T 4 . The clustering of color sources (percolation) provides us with a microscopic partonic picture that connects the transport properties of the QGP to its thermodynamics. 
